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TRANSONICLONGITUDINALAERODYNAMICEFFECTSOFSWEEPING

UP THEREAROFTHEFUSECAGEOFA ROCKET-PROPELLED

MRPIJWE MODELHAVINGNO HORIZONTALTAIL

By JamesH.Parks

Resultsarepresentedofa free-flightinvestigationemployingtwo
rocket-propelledairplanemodelsto determinetheeffectsoffuselage
upsweeponthetransoniclongitudinalaerodynamiccharacteristicsforthe
horizontal-tail-off condition.Bothmodelshad45°sweptwingswiththe
onlygeometricdifferencebeingtheupsweepoftherearofthefuselage
centerline.

Sweeping-upthefuselageresultedinlower13ft-curveslopespartic-
ularlyat lowpositiveanglesofattackandgenerallymovedtheaerodynamic-
centerlocationrearward.Theupsweptfusehageconfigurationexhibiteda
greatertransonictrimchangesd markedlygreaterdragcoefficientsat
Machnumbersaboveabout0.95.Localdownflowmeasurementsindicatesimi-
lareffectsforbothfuselagesonlocalflowanglesata representative
horizontal-taillocation.

INTRODUCTION

A generalresearchprogramhasbeenconductedattheNationalAdvisory
CommitteeforAeronauticsto determine,bymeansofrocket-propelledmodels
infreeflight,theeffectsofvariousempennagedesignsonthelongitu-
dinalaerodymsmiccharacteristicsofcompleteairplaneconfigurationsat
trsmsonicspeeds.Theresultsoftestswhichemployedhorizontaltails
mountedinthreedifferentpositionsona 45°sweptwingcombinedwitha
parabolicbodyofrevolutionfuselagehavebeenreportedpreviouslyb
references1 and2. Presentedhereinaretheresultsofthetestforthe
horizontal-tail-offcondition.Alsopresentedaretheresultsofa test
usinga similarwing-fuselagecombinationwhichhadtherearofthefuse-
Lageupsweptinlinewithcurrentdesignpracticeofprovidtngadditional
groundclearanceforthelandingcondition.
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TheflighttestswereconductedattheLangleyPilotlessAircraft
ResearchStationatWallopsIsland,Va.
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gravitationalacceleration,ft/sec2

MC preSSUre, lb/sqft

momentofinertiainpitch,slug-ft2
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wingarea,2.78sqft

velocity,ft/sec

weightofmodel,lb

normalacceleration,positiveup

angleofattack,deg
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lda
rateof changeofangleofattack,— —57.3dt’

radisms/sec

de
pitc~ velocity,~ ~f~s/sec

damping-in-pitchparameter,
%E/2V + %&@

Symbolsusedas subscriptsindicatethe derivativeofthequantitywith.afm
respecttothesubscript,forexsmpley
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MODELSANDINSTWMENTATION

Models

Three-viewdrawingsofthemodelsareshownas
ofconstructionaregiveninreference1. Briefly,
struttedprharilyoflaminatedmahoganywithmetal
inthewingsforadditionalstiffnessandrigidity.

figure1. Details
themodelsarecon-
platesincorporated

Themodelswillhereinafterbe referredto as symetricfuselage
(fig.l(a))andmpttic fuselage(fig.l(b)).Thesymetricfuselage
isthebasicparabolicbodyofrevolutionusedinreferences1 and2,the
ordinatesofwhicharetabulatedinreference1. Theunsymmetricfuselage
wasdesignedbymakingthetopofthefuselageparalleltotheoriginal
fuselagecenterlinerearwardofthemaximumdiameterstation.9mdretaining
theoriginalfuselageordinatesinplanesnormaltotheoriginalfusehge
centerline.

Thewingsincorporated45°sweepbackofthec/4line,wereofaspect
ratio4.0,andhadNACA6~006airfoilsectionsinthestreamwisedirec-
tion. Thevertiealtailswerealsosweptback45°andhadsimilarairfoil
sectionsbutof8 percentthickness.Pertinentmasscharacteristicsof
themodelsareasfollows:

_tric fuselage Unsynmetricfuselage

Weightjab . . . . . . . . . . 44.00 44.75

Iy>Slug-ft?........ 2.825 2.854

Center-of-gratitylocation,
percent. . . . . . . . . -14.4 -10.2
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Instrunentation

NACAFML54K12

ThemodelswereequippedwithNACAfour-chamneltelemeterswhich
transmittedcontinuousrecordsofnomal acceleration,angleofattack,
totalpressure,W a localflowdirectionat a positioncorresponding,
onthesymmetricfuselage,tothehorizontal-taillocationusedin
reference1.

Groundinstrumentationincludedtrackingradar,to determineflight
pathin space,anda Dopplervelocimeterunitforadditionalvelocity
information.A radiosondewasreleasedimmediatelyaftermodellaunch@gs
to detetineatmosphericconditionsat altitude.Alsomotion-picturecov-
eragewasusedto dete?minegenemlflightbehaviorduringtheearlypor-
tionoftheflight.

TESTANDANALYSISTECHNIQUES

Themodelswereacceleratedtomaximumvelocity
motors.A mcdel-%oostercombinationis shownonthe
attk launchingangleof600elevationinfigure2.

byABL Deaconrocket
launchingplatfom
Thevertically

thrustingpulse-rocketinstallationusedtoproducelongitudinaloscil-
lationsisdescribedinreference1. Eachpulserockethada total
hpulseofapproximately8pound-seconiisandaburningthe ofabout
0.08second.

Detaileddiscussionsofthegeneraldatareductiontechniquesare
presentedinreference3. The,particularapplicationstothepresent
techniquearepresentedinreference1. Briefly,

bymeasuringslopesonplotsof ~ aga~t a,
& titaareobtatied

c%
frmnperiodsoffree

oscillations,and %+& frm therateofdecayoffreeoscillations.

Accuracyof
references1 and
accuracyin ~

siderablybetter
localflowsingle

ACCURACY

/
thistypeof investigationisdiscussedindetailin
3. Fortheparticfimmt~ritation used,theabsolute
istO.01at M = 1.20 and~0.02at M = 0.80 withcon-

accuracyinincrementalvalues.Theangleofattackand
arebelievedcorrectwithin*0.30°andMachnumberis

estimatedtobe accuratewithin*0.02at M = 1.00. Itmightbe noted
thattheliftcoefficientisdefinedasa functionofnormalforceonly
(seesectionentitled“Symbols”) since ~ = ~ near a = O.

c*@.--=~
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Theaccuracyofdragdataas obtainedfrm velocimeterdatafor
nonmaneuveringmodelsisdiscussedinreference4. Forthemaneuvering
modelsinthepresenttestsitisbe~evedthatthedrag-coefficient
levelsarecorrectwithin*0.002at supersonicandsubsonicspeeds.Near
M = 1.00 thevalus areprobablysomewhatlessreliable.

RESULTSANDDISCUSSIONS

ThescalesofthetestsareshownasReynoldsnumbers,basedon 6,
plottedagainstMachnumberinfigure3. Alsoshowninfigure3 arethe
dynsmicpressuresasa functionofMachnuniber.It shouldbepointedout
herethatmotionpicturesofthePlightoftheunsymmetricfuselageindi-
catedDutchrollingmotionsofappreciablesmplitudecoincidentwiththe
pulse-rocketinducedlongitudinaloscillations.Resultsofreference5
indicatethattbelongitudinalmotionsforthismodelmaybe affectedly
theDutchroll.throughinertialcrosscoupling.Whilenomeasurements
ofthelateralmotionsweremade,itisfeltthattheeffectsonthelon-
gitudinaldataaresma~ butshotidbe consideredinthedatacomparison.

I&f-t

Basiclift-curveplotsforthevariousMachnumbersarepresented
infigures4 and5. It shouldbe pointedoutherethatthepreponderance
ofthedatais intheangle-of-attackrangebetween*2°andis therefore
onlydirectlyapplicabletothelow-liftcondition.

Theliftcurvesforthesymetricfuselage(fig.4)arelinear,
whereastheMft curvesfortheunsymmetricfusehgebecomenonlinear
intheangle-of-attackrangefrom0°to 2°. Thesymmetric-fuselageresults
areessentiallysymmetricaboutzeroangleofattackwhereaspositive
valuesofliftcoefficientareindicatedfortheunsynmetricfuselageat
zeroangleofattack.Themagnitudeoftheseliftcoefficientsat a = 0°
decreasedfromabout0.04at M = O.~ toapproxhnately0.01at M = 1.32.

T& slopesofthemt curvesareshowninfigure6. Sincetherel-
ativel.yflexiblewingsaresubjectto aeroelasticlosses,particularlyat
thehigherMachnuui%ers,theflexibilitydataofreference1 wereusedto
deteminetheorderofmagnitudeoftheselosses.Onlythesymmetric-
ftielagedataaresbmncorrectedtotherigidwingcase(fig.6(a))
becaui3ethedynsmicpressuredataoffigure3 indicatethatthelosses
shouldbe essentiallythesameforbothconfigurations.Theorderofmag-
nitudeandvariationwithMachnumberofthesymmetric-fuselagelift-curve
data,withthisaeroelasticcorrectionapplied,areingoodgenerslagree-
mentwiththesummarydataofreference6.

.— . . . . .—-. .- -.. —- —.—–—. . .. ..-..—.——— -.—. -. ..



. . ——.—.

6 ‘:~ NACAFML54~2

Thede~-eeofnonlinearitypresentintheunsymmetric-fuselagelift-
curvedataisevidentinfigure6(b).At Machnunkersbelow0.95,the
valuesatthenegativeanglesofattackareapproximately0.025higher
thanforcomparablevaluesatthelowpositiveanglesofattack.TheliR-
earityindicatedatMachntiersabove1.19maybe dueinparttothe
limitedrangesofthedataavailableattheseMachnwnbers(fig.5). Com-
parisonofthetwoconfigurationsinfigure6(b)indicatesthatsweeping
uptherearofthefusekagehasreducedtheliftingcapabilitiessthrough-
outtheMachnmnberandangle-of-attackrangescovered.

Thedifferencesinldftnotedbetweenthetwoconfigurationsare
compatiblewiththeresultsofreference7 whereintheeffectsofchanging
froma cylindricalafterbcdyto onehavinga symmetricallyboattailed
~afterbodyarepresentedindetail.Diffenncesareshowntoarisefrom
chsagesinthewingloadingduetothedifferencesinwing-fuselageinter-
ferenceandfromchangesintheafterbodyloading.Althoughthesedata
arenotdirectlyapplicableina quantitativesense,it isindicatedthat,
relativetothesyrmnetricfusehge,theunsymmetricfuselageis slightly
morenegativelyloadedoverthewingailoverthefuselageinthevicinity
ofthewingbuthasa regionofrelativelyhighpositiveloadingnearthe
fuselagebase.

Apparentlythepositiveloadingpredominatesat a = 0° toproduce
theincrementofpositiveliftnotedfortheunsymetricfuselageinthe
presenttests.Sincethewind-tunneldatafurtherindicatethatthewing-
fuselageinterferenceeffectsremainessentiallyconstantthroughoutthe
Machnumberrange,thispositiveloadingmustdecreasewithincreasing
speedas indicatedby thedecsyinthispositiveliftincrementnotedpre-
douly. As theangleofattackisvaried,thewingbecomesofprimary
importmceandtheregionsofmorenegativeloadingpredominateas indi-
catedby thelow+rMft-curveslopes.Thereasonsfortheparticuhrl.y
largeeffectatlowpositiveanglesofattackarenotknownandthewind-
tun&l dataarenot;ufficient~definiteto offerany

StaticStability

fortheunsyrmnetric
Thestaticstabiliaparsmetersforthesynmetric

marizedinfigure7. Similardata
sentedinfigure8. Morecompbte
unsymnetricfuselage,butthedata
as a resultofnonUnearities(see
linearitiesarenotdefinedinthe

Thevaluesof C& presented

explanation.

fuselagearesum-
fuselagearepre-

psrioddataareavailableforth-
showscmewhatgreaterscatterprobably
sectionentitled“Lift”). Thesenon-
presentdata.

representthefairedlinesshownin

theperioddataandthusareto someextentaveragevaluesparticularly
fortheunsymetricfuselage.Valuesforbothconfigurationsaregenerally
ofthesameorderofmagnitude.

—— —— ——. —
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Theaerodynamic-centerlocationforthesymmetricfuselageas shown
infigure7 is somewhatfartherforwardthantheresultsofreference6
indicateattransonicspeeds.Thiseffect,particularlyatthehigher
Machnumbers,isduetothemoreflexiblewingconstructionusedinthe
presentinvestigation.An incrementofforwardmovementarisingfromthis
aeroelasticeffectwasdeterminedby usingthemethodofreference8. The
app~cationofthiscorrectionbringsthedataintogoodgeneralagreement
withtheresultsofreference6.

Theaerodynamic-centerlocationsshownfortheunsymetricfuselage
reflectthenonlinearlJft-curveslopesdiscussedpreviously.Ifthe
fletibi~tyeffectsareassmnedtobe aboutthesameforbothconfigura-
tions,themorerearwardaerodynamic-centerlocationsshownfortheunsym-
metricfuselageindicatethatthetotaleffectoffuselageupsweepisto
movethecenterofpressureonthefuselagealonerearward.Thisispar-
ticularlytruewhenit isconsideredthattheunloadingeffectofwing-
fuselageinterferencenotedpreviouslyshouldtendto reducethestatic
stabilityoftheunsymmetricfuselage.Thisincrementofrearward
aerodynamic-centerlocationisgeneraldyabout7 percentE atnegative
snglesofattackexceptforsmallregionsaboveandbelowM = 1.0. As
intheliftcase,thereasonsforthelargerincrementsshownat lowpos-
itivesinglesofattackarenotknown.

-c Stability

TIEdynamicstabilityparametersforbothconfigurationsarepre-
sentedinfigure9. Inbothcases,thegenersllevelofdamping-moment
coefficientisofthessmeorderofmagnitudeaboveM = 1.0. At lower
Machnumbers,theunsymmetric-fuselagedataaremoreerraticandthevalue
ofdamping-momentcoefficientisnearzeroat M s 0.75.

Thelowsubsonicdsmping-momentcoefficientindicatedfortheunsym-
metricfuselagemaybe dueinparttotheuseofthehigherLLft-curve
slopesinthecalculations.Sincethemeasuredvalueoftti tohalf
amplitudeincludesbothmomentandliftdamping,nonlinearlift-curve
slopesprecludeaccurateisolationofthedamphg-momentcoefficientin
thepresentanalysis.Alsotheinertialcrosscouplingmentionedpre-
viouslycouldbe expectedto affectthedampingdataparticularly.For
thesereasons,thelevelindicatedby thesymmetricfuselageisbelieved
themorerealistic.

Trim ,

Thevariationsoftrimliftcoefficientsandtrimsinglesofattack
overtheMachnrmberrangesareshowninfigure10. Thechangesintrim
attransoticspeedswhilegenerallynose-upforbothconfigurationsare

w.’?- - . . . .. .+ ., .+-
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appreciablylargerfortheunsymmetricalfuselage.Becauseofthencmlin-
earitiesinlift,thisismoreevidentintheangle-of-attackdata. b
bothinstancesthevariationintrimwithMachnumberismildwithno
abruptchanges.Whilethetrimcomparisonsarestrictlyvalidonlyfor
thesamecenter-of-gravitylocation,theerrorintroducedby thesmall
clifference(O.042E) inthepresenttestsintroducesa negligibleerror.

Sinceanappreciableportionofthetrimchangesisduetothedrag
oftheverticaltail,itisof interestto lookatthepitching-moment
coefficientsat zeroangleofattackwhichareshowninfigure11. The
totalpitching=omentcoefficientat zeroangleofattackwasobtained
by extrapoktinglinearlythetrimdataby using & values.Theincre-

mentofpitching-momentcoefficientduetotheverticaltailwascalcu-
hted byusingthedataofreference6 andincreasingthepressuredrag

5/3by a factorof (t/c) . ‘Thegreaterincrementshownfortheunsym-
metricfuselageisduetothehigherlocationoftheverticaltailrela-
tivetothemodelcenter-of-gratityposition.

Forthesereasons,itwouldbe expectedthatthesymmetricfuselage
wouldtrimata smallpositiveangleofattack.‘I!&smallnegativetrim
valuesindicatedat M <1.05 (fig.10)arebelievedtobe theresult
oftheabsoluteaccuracyofthedata(seesectionentitled“Accuracy”)
andsmalldeviationsinmodelconstruction.ThetrendovertheMachnum-
berrsmgeshouldbe relativelyunaffectedby thoseeffects.

Forthesymnetric-fuselagecase,itmaybe assumedthatthewing-
fuselagecombinaticmwouldhavezeropitching-momentcoefficientat zero
amgleofattack.Thusthedifferencebetweenthetotalpitching-moment
coefficientandtheincrementofpitching-momentcoefficientduetothe
verticaltail(fig.H) shouldbe indicativeofunaccounted-forasym-
metriesinherenthibothmodels.Theincreasednose-downpitching-moment
coefficientsshowninfiguren(c) fortheunsyrmnetricfuselageare
believeddueto sweep@ uptherearofthefuselage.Thesewing-fuselage
pitching+mmentcoefficientsaregenerallylessat supersonicspeedsthan
at subsonicspeedswitha valueof -0.030at M = 0.90 andabout-0.017
at M = 1.30. Thesenegativeincrementsareassociatedwiththeincre-
mentsofpositiveliftat zeroangleofattacknotedpreviouslyandagree
generallyinthatbothdecreasewithincreasingMachnumber.Themore
rapiddecreaseinliftwithticreasingspeedindicatesthepossibility
ofa resrwardmovementoftheafterbodyloading;“however,thesedataare
notcompleteenoughtoverifythis.

A similarnose-downpitchingmcmentwasnotedforthemodelofref-
erence9 whereina lessseveresmountofupsweepwasincorporatedinthe
fuselage.

-—.— — .—— ._——_
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ThedragvariationswithMachnudoerattrimliftconditionsare
presentedfo=bothconfigumtionsinfigure12. Althoughthelevelsof
thedragcoefficientsappearhighincmnparisonwiththeresultsofref-
erence6,theyappearreasonablewhenthemuchlargerfuselagefrontal
areatowingarearatio

[
approximately0.12inthepresenttests)and

thecomparativelythick 8 percent)verticaltailareconsidered.It is
tidicatedthatanappreciableafterbodypressuredragpenaltyoftheorder
of7 percentisincurredat lowsupersonicspeedswhentheentireboat-
tailingh theplaneof symmetryiSrestrictedto theundersideofthe
fuselage.

IacalFlowAnglesattheTail

Iocalanglesofattackmeasuredat a representativehorizontal-tail
locationfortherespectivemodeltrimconditionsareshowninfigure13.
Alsoshmn arethecontributionsoflocalflowsinglesobtainedby sub-
tractingtotallocalanglesfrm themodelangleofattack.Thegeneral
shapesofthecurvesareshilarwithcomparativelylargeincreases
startingnear M = 0.85,a genemllevelingoffnear M = 1.00,andthen
decreasingagainnear M = 1.2. Thesymmetricalfuselageindicatesthe
moreabruptchangesandhigherlevelsup to M = 1.3.

Sincewingdownwashshouldbe negligibleatmcdelzeroangleof
attack,localflowanglesforthisconditionas indicatedby thefaired
linesoffigures14and15arealsoshowninfigure13. Thoughsome
changesinmagnitudeareshown,thegeneralvariationswithMachnumber
areunchauged.Themaindifferencenotedbetweenthetwomodelsisnear
M . 1.3 wherethevaluesforthesynmetricfuselagedecreaseto approx-
imatelythesubsoniclevelwhereasthevaluesfortheunsyfmnetricfuselage
remainneartherelativelyhightransoniclevelaftersupersonicflowis
established.It isof interesttonotethatthemadmumlevelforthe
symmetricfusekage,approximately6°)iSabouttheS- astheslopeof
thetopofthefuselageimmediatelybelowthemeasuringvane. It is
believedthatthisfuselageslopeistheprimaryfactorin inducingthe
flowangularityforthesyrmuetricfu5elagewhereastheregionofpositive
liftnotedinthesectionentitled“Lift”inducesthesimilarflowangu-
larityshownfortheunsymmetricfuselage.

Thevariationsofdownflowsinglewithangleofattackduringthe
pulserocket-inducedoscillationsareshowninfigures14sad15. These
dataarecorrectedfortheeffectsofpitchingvelocity.Thescatter
evidenttithedataispartiallyattributableto thepro=ty ofthe
fuselagetothemeasuringvane.

I
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Thestraightlinefairingsshowninfigures14and15arerepre-
sentedasdownflowslopesinfigure16as a functionofMachnumber.
Generallytherateof chaageofdownflowincreaseswithincreasingMach
numbersforthesymmetricalfusebge,whereastheaveragevaluesforthe
unsymetricfuselagetendto decreasewithincreasingMachnumber.Geo-
metricconsiderationsmadedirectcomparisonsclifficult,buttheresuits
ofreference10 generaldysubstantiatethestronginfluenceofthefuse-
lageonlocal.downflowshownherein.

Thoughthesedownfloweffectsareprobablylocalized,theeffect
canbe appreciable.Themodelofreference1 hada horizontal-tailloca-
tioncorrespondingtothesymmetric-fuselagevanelocationinthepresent
tests.Witha tailsettingof 2°trailingedgedown,aneffectiveangle
ofattackoftheorderof -1°wasinducedoverthehorizontaltailat
M = 1.11.Alsotheshapeofthetrimcurveis qtitestilar,tothepres-
entsymmetric-fusekgedownflowcurve.

Theresultsofreference11,whereina vanerepresentativeofa full-
sizehorizontal.tailwasused,alsoshowappreciableeffectivetailangle
ofattackatmcdelzeroangleofattack.

CONCLUDINGREMARKS

A flighttestinvestigationattrsnsonicspeedswasmadeusing
rocket-propelledmodelsoftwohorizontal-tail-offconfigurationsto
deteminetherespectivelongitudinalaerodynamiccharacteristicsat low
lift. Onemodelhadsynmetricboattailingwhereastheotherincorporated
upsweepoftherearofthefuselage.

NonUnearitiesintheUnsymmetric-fuselagedatamakequantitative
comparisonsdifficultbutsweepinguptherearofthefuselagegenerally
reducedthelift-curveslopewiththedecreasebeingpsrticularl.ypro-
nouncedat lowpositiveanglesofattack.Thenonlinearitiesarenot
easilyidentifiedinthestabilitydata;however,theaveragevalues pre-
sentedindicatea generalrearwardmovementoftheaerodynamiccenteras
a resultof sweepingup thefuselage.

Theunsyametricfuselsgeexhibiteda considerablylargertransonic
trimchangeinthenose-updirectionthandidthesymmetricfuselage.
Thetrimchsmgesweremildwithno abruptvariationsineithercase.An
appreciableincreaseindragisassociatedwiththeunsymetricfuselage
atMachnumbersfromabout0.95to thetestlimitof1.35.

.
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Iocaldownflowmeasurementsindicatesimilareffectsforbothfuse-
@es onlocaldownflowat a representativehorizontal-taillocation.

LangleyAeronautical.Laboratory,
NationalAdvisoryWmmitteeforAeronautics,

IamgleyFieldiVs.,October29,1954.
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(a) Symmetric fusel~e, e.g. at -(). I.44E.

(b) Unsymnetric fuselega, e.g. at -0.1025.

Fi~ 9.- Dynamic lo@.tudind atabi13& characteristicsof the mdeli3.

!



p

I

I
I

I

I I I
—&4 I I I

./
— Symmfz frlc fu.5a/aga
— — O’nsqmma +rlcfu.sdoga

o / - —
/ -

/=-
/

— —

-/
“.6 .7 .8 .9 /0 L/ /! /. /4 L5

Much numbar

(a) Variations of trim Ilft coefficients.

76 .7 .8 ,9
Mmh

(II) Variations

Figore 10.- LOngitualnal

Lo // L2 L3 L4 /45
numbar

of trim engles of attack.

trim characteristicsof tha maeb .

I

I



4J
NACAR.ML%KL2 25

.Qz

o— — — — — . — —
/

292 / / - — .5ymma7%/cfusduga/
. .- .~ — — Unsymmdrlc fusdffge

-B= I t I
.8

1 !
.? /!0 [/ /2 /! 14 l!>

/Vu& numbar

(a)TotsJ.modelpitching-momentcoefficients.

A%chnumhzr

(b)Ihcrementofpitching-momentcoefficientdueto dragofverticaltail.
.— —.- .

(c) Wing-fuselsgepitching-momentcoefficients.

Figureid..- Variationsofpitching-momentcoefficientsat zeroangleof
attack.

— -. ..—. —. ... ——.. ________ .. . .. —— -—. —. —.. .—— . —.



.06
Un.s.ymnw%c fusduga

,&
L

——-— - —-
——

.@
/

i
~5qmt?7dr/c 7232?/27gG

.03 /’

/

.02
/

.Ub-

d

I

I

-,7 ,8 ,9 do // /2 /3 /4 I

A%?.f.hnu/?7ti7@
I
,

Figure 12.- Variations of drag coefficient at trim lift with Mach number. P;
s

El

9:

1?



<

‘,7 .8 .9 /0 IO A? ,13 L4 L5
/wach nffmhzr

(a) Symmetric fuselage. (b) Unsymroetricfuselage.
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